Solvatochromic and halochromic behaviour of two unsymmetrical merocyanine-type dyes, namely 2-[2'-and 4'-hydroxystyryl]-pyridinium methiodide, are studied.
Introduction
During the course of our investigations on the solvatochromic behaviour of some solvent-polarity indicators of the hydroxy styryl-types I and II we have observed in amphiprotic (hydrogen-bond-acceptor-donor, HBA-D) and hydrogen-bond-acceptor (HBA) solvents an extreme long-wavelength band beside the visible short-wavelength band which was found alone in non-hydrogen-bond (NHB) solvents. This prompted us to further look for the possible existence of keto-enol tautomerism in such solutions.
Similar observations in case of hydroxy azo dyes have been reported in the literature [1 -4] . The study of hydroxy azo dyes has been of great value for the theoretical understanding of the phenomenon of tautomerism which is very important in colour chemistry. The azo-hydrazone tautomeric equilibrium has been investigated by many workers using almost every available spectroscopic method [1 -6] . Various MO methods have been applied to support the existence of such an equilibrium [1, 3, 7] .
The present paper deals with the above mentioned phenomenon in case of the hydroxy aza-free merocyanine-type dyes I and II. Their solvatochromism, halochromism and 1 H-NMR spectra will be discussed in terms of calculated Reprint requests to Ass. Prof. Dr. Sabry Abd-El-Mottaleb, Dept. of Chemistry, Faculty of Science, Ain Shams University, Abbassia Kairo, Ägypten.
parameters of interest applying the SCF-CI-MO method within the PPP approximation [8] .
Experimental and Computation
Dyes I and II were the courtesy of Prof. Dr. Z. H. Khalil and were used without further purifications. Spectroscopically pure solvents were used (BDH). Buffer solutions were prepared as recommended by Britton and Robinson [9] . Triethanolamine (p. a. Merck) was used.
The UV-VIS absorption spectra were recorded at constant temperature (30°C) on a Pye Unicam SP 1800 spectrophotometer. 1 H-NMR spectra were measured in d6-DMSO and D20 solvents using a Varian T 60 spectrometer. The parameters used for the PPP calculations are summarized in Table 1 [10, 11] , assuming equal bond lengths ( = 1.40Ä) and equal bond angles ( = 120°). In the configuration interactions the highest occupied five MO's and the lowest unoccupied five MO's were considered. The two centreelectron repulsion integrals were calculated using the Mataga-Nishimoto relation [12] . The computations were performed in the Computation Centre of Ain Shams University.
Results and Discussion

Solvatochromism
The spectral data of dyestuffs I and II as measured in HBA-D, HB A and NHB solvents are summarized in Table 2 . The absorption spectra of I and II in NHB solvents exhibit a charge-transfer (CT) transition from the donor part of the molecule containing the OH group to the acceptor cationic heterocyclic ring through the olefinic CH = CH bridge similar to that found in similar molecules [13, 14] . Negative solvatochromism is observed and could be explained on the basis of the polymethine concept of Dähne [15 -17] : As the solvent polarity increases (measured by its Ej- [18] or rc-value [19, 20] ), the ground state electronic structure of the dyes changes from the polymethine-like state (structure of equal contributions from the I a and I b canonical structures) towards the more polar structure I b.
The data of Table 2 show that the CT transition shows a more pronounced hypsochromic shift in the amphiprotic solvents as their polarity increases. Baylise and McRae [21] have shown that the underlying change in the electronic structure of similar indicators is mainly due to the hydrogen bonding capability of the solvent rather than its bulk polarity. Thus, we attribute this remarkable negative solvatochromism of indicators I and II in HBA-D solvents to the formation of type-A hydrogen bonding [22, 23] by the HBD capability of the solvent (its acidity a-value) to the indicator's oxygen atom of the OH group. It is of interest to note that Aqt of I and II shows positive solvatochromism in HBA solvents, see Table 2 . This is probably due to a solvent induced electronic structure change from an unpolar structure resembling (la) towards a highly symmetrical ideal polymethine-like structure.
Interestingly the visible absorption spectra of I and II in amphiprotic and HBA solvents exhibit a second weak band in the region of 530 nm. This band imparts a purple component to the greenyellow colour of the dyes I and II solutions. This is due to proton transfer from the hydroxyl group of the indicators to the solvent molecules, leading to the formation of the structures Ma < > Mb according to Scheme 1.
The data in Table 2 indicate that Act shows negative solvatochromism as the acidity of the solvent, its a-value, increases. H20 acts mainly as a powerful HBD solvent toward the dyes as their spectra in water solutions exhibit only one band due to the absorption of the protonated species MH. In HBA solvents, ^ct is practically invariant with the solvent basicity parameter ß-or the crc-value of the polarity of the solvent indicating that the ground state electronic structure of the deprotonated forms of these indicators is highly symmetrical, i. e. mainly polymethine-like. However, in dioxan Act is hypsochromically shifted probably due to solvent structural effects [24] .
The above mentioned negative solvatochromism of IMH, IM, IIMH and IIM in HBA-D and NHB solvents due to structure variation towards structure (lb) is supported by PPP-quantum chemical calculations and 1 H-NMR measurements as previously reported [14, 17, 25] . The effect of increasing solvent polarity on the calculated ground state ^-electron density distribution is simulated by making the oxygen atom of the OH group more electronegative (the valence state ionisation energy of oxygen (lo) is changed from 32.90 eV, see Table 1 , to 34.90 eV). The results are represented in Figure 1 . Inspection of Fig. 1 shows that the calculated Ti-electron density alternation decreases with increasing solvent polarity. Moreover, the calculated measure of the symmetry deviation from the ideal polymethine state, the ^ parameter [15] (defined in this work as the sum of the ?r-charge density on one half of the mole- In order to study the ground state electronic structure of I and II more closely, their 1 H-NMR spectra are recorded. The 1 H-NMR spectrum of dye I shows quartet signals corresponding to an AA'BB' system of the p-C6H4-group (/ = 8.8 Hz) and an AB system of the trans olefinic bridge (/ = 16.0Hz). The chemical shifts (6) are given in Figure 1 . Unfortunately, the spectrum of dye II is complex. The spectrum of dye I confirms the idea of partitioning the whole conjugated system of the dye molecules into three building blocks: the heterocyclic ring, the trans-CH = CH bridge and the benzenoid moiety [1, 2, 26] . Solvent induced changes in the ground state electronic structure of I are examined by studying the variation in its 1 H-NMR spectrum. However, due to unsufficient solubility of dye I (for NMR measurements) in most solvents, the present study is limited to two solvents only. Fortunately, a noticeable change in the <5 values is observed, as indicated in Figure 1 . It is found that as the polarity of the solvent increases, AS (the experimental measure of electron density alternation [17] ) decreases. Thus, the ground state electronic structure of I and II becomes less symmetrical, i. e. becomes more (lb)-like, in more polar solvents, confirming the above result.
Tautomeric Equilibrium and Halochromism
The presence of a prototropic tautomeric equilibrium can be demonstrated by the solvent dependence of the solution spectra. Deprotonation of the OH group of I and II is more pronounced when the more basic solvent triethanolamine (TEA) is used. The spectral curves obtained in different triethanolamine (TEA) -acetone mixtures are shown for dye I in Figure 2 . Similar behaviour is noticed for dye II. The intensity of )-c t 1 decreases as the concentration of TEA in the solvent mixture increases, while the long-wavelength CT-band of the M form is intensified. A sharp isosbestic point occurs indicating the presence of two absorbing species (MH ^ M) at equilibrium, see Scheme 1.
The tautomeric equilibrium constant K for dyes I and II was determined by measuring the absorbancy A0bS at A^t as a function of TEA concentration at 30 °C (see Figure 2) . The following equation was employed [27] : energies which is in satisfactory agreement with the observed results.
Regarding the relative tautomer stabilities, the data in Table 3 show that deprotonation of the hydroxyl group provides a destabilization in binding energy amounting to 5.1 eV and 5.2 eV for I and II, respectively. This result supports the conclusion drawn from the K values that these dyes exist mainly as protonated MH-forms in their solutions.
It is of interest to investigate the halochromic beehaviour of the dyes under investigation. Their visible absorption spectra in aqueous solutions of different pH (Fig. 4) show an isosbestic point as would be expected for a simple protolytic equilibrium between MH and M species (mainly of structure Ma) given in Scheme 1. The calculated transition energies for the enolate species (Ma) are in good agreement with those experimentally observed (see Table 2 ). From the recorded spectra, the determined pK values at 30 °C are 8.36 and 8.31 + 0.02 for I and II, respectively. The ortho isomer is slightly more acidic than the para one. This is due to the reduced electron density on the o-OH group; see Figure 3 . Fig. 4 . Variation of the visible absorption spectrum of aqueous solutions of indicator I with the pH of the medium.
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